We calculated the single spin asymmetries for the reaction P + P (↑) → l l + X in the framework of twist-3 QCD for HERA energies. The necessary imaginary phase is produced by the on-shell contribution of the quark propagator, while the long distance part is analogous to that providing the direct photon asymmetry calculated by J. Qiu and G. Sterman. The asymmetry turns out to be generally of the order percent.
Recently the study of single spin asymmetries has attracted great attention [2] [3] [4] [5] [6] [7] [8] [9] because they are relatively easy to measure e.g. at RHIC or at HERA (where, however, no suitable detector is presently available) and because single spin experiments promise to give very interesting information on specific higher twist correlators and thus on the internal wave function of the nucleon. The QCD description of these asymmetries is, however, rather complicated, due to the fact, that there are different sources for the imaginary phases on the twist-3 level, namely, so-called fermionic and gluonic poles. For the process discussed here a situation comparable to prompt photon production at x F < 0 appears: a quark propagator is put on-shell, resulting in a soft gluon momentum, giving rise to a theoretically much cleaner situation. One finds asymmetries in pion production to be of the order of ten percent or more [2] , but these asymmetries are still not understood at all on the QCD level and therefore could not be linked so far to well defined properties of the nucleon. Other, theoretically well defined, asymmetries are estimated to be rather on the percent level. A carefully studied process is e.g. prompt photon production [3] . It is natural to ask how large the corresponding asymmetry would be for the closely related process of dilepton production. It turns out that for this process in addition to graphs analogous to those for direct photon production there is another contribution which should dominate the total cross section unless an associated quark-jet is required. We find that the calculation of this new contribution can be done very precisely, based on first principles. The resulting asymmetry strongly depends on the kinematic domain. A QCD analysis of the density matrix of a hadron [4] gave for the partonic expression for the spin dependent contribution to a hard cross section
where ǫ ρµSp = ǫ ρµαβ S α p β with S α being the covariant hadron polarization vector. E(x) and E µ (x) are the coefficient functions of the parton subprocesses with two quark lines and with two quark lines and one gluon line, respectively ( fig.1 ). The generalized parton distributions are given by 
The matrix element T introduced by Qiu and Sterman in [7] is related to a piece of B V which is singular in (x 1 − x 2 ) by use of the equation of motion and the gauge condition:
with the vectors n β = p + δ β+ and n α = δ α− /p + . This expression is of the same type as the correlators given in [7] . For the matrixelement we used a form suggested in [7] :
The constant in front of the structure function F 2 (x) was estimated in [8] by connecting the matrix element to the second moment of the twist three part of the structure function g 2 (x). This yielded for the relevant matrix element (7) with c in the range 1/3 < c < 1. For our calculations we chose c = 1/3 and for the constant in front of F P 2 (x) the value 0.08. The first term in (1) does not contribute to the left-right asymmetry in the lowest order of α s , i.e. in the parton picture, because it has no imaginary part to compensate the imaginary trace of the Dirac matrices with γ 5 . The required imaginary part can only appear in one-loop approximation, so that any asymmetry generated by this term is proportional to α s . In the case of the twist 3 subprocess, represented by the second and the third term in (1), the situation is different. In this case one has two imaginary parts; the first one is generated by cutting an internal quark propagator, i.e. putting it on mass shell. The second one arises where an additional gluon is attached to a Born subprocess. The imaginary delta function contribution thus generated implies that the twist 3 term is the leading contribution to the single spin asymmetry under discussion. We calculated the left-right asymmetry for the process P + P (↑) → l l + X which is dominated by the Drell-Yan process at small transverse momenta. Left-right asymmetry means that the transverse momenta of the leptons are correlated with the direction S × e z , where S µ is the transverse polarization vector of the nucleon and e z is the beam direction. This process will be accessible in experiments with a polarized target at HERA [5] or with polarized beams at RHIC. Note that the averaging over relative lepton momenta gives a zero result because the three independent vectors S µ , P 1µ , and P 2µ , where the latter two are the momenta of the incomming protons, are not enough to construct an invariant scalar containing one epsilon tensor. The necessary fourth direction is given by the lepton angles, in complete analogy to the transversity studies for the double transverse spin asymmetry. Thus the planned measurement of the latter will also provide a measurement of the single spin asymmetry under consideration here. To extract it one just has to average over the polarizations of one of the protons. The only twist 3 diagram contributing to the process we consider is shown in fig.2 . The on-shell propagation of the quark (indicated by a cross), results in the gluon momentum to be almost zero, i.e. soft. In the cases treated by Qiu/Sterman [7] and Efremov/Teryaev [6] one encounters soft gluon poles when an internal gluon propagator is put on mass shell and soft fermion poles when a quark propagator is put on mass shell. In our case, however, a quark propagator is put on-shell resulting in a soft gluon momentum. A similar situation appears for prompt photon production in the region of negative Feynman-x with x F = (t − u)/s. The use of Feynman rules leads to the following expression for the polarized part of the asymmetry
where
The last factor in the bracket follows from l 1 γ ρ l 2 + l 2 γ ρ l 1 = ( l γ ρ l − ∆ l γ ρ ∆ l )/2 and the fact that the vector ∆l µ is needed for the contraction with the epsilon tensor, such that only the last term contributes. The additional imaginary part, discussed earlier, is yielded by the internal on mass shell quark propagator
The mirror diagramm cancels the real part and gives a factor of two for the imaginary part leading to
By using the Taylor expansion for the matrixelment up to first order
and by using ∆ l γ ρ ∆ l = 2∆l ρ ∆ l plus a term which vanishes when contracted with the epsilon tensor one finally derives the following expression for the polarized part
The matrixelement T (x, x), that depends only on one momentum fraction, is given by the one introduced by Qiu and Sterman in [7] as shown in (5) . For the normalization one has to treat the twist two part in the same way which yields
with the unpolarized quark distribution q(y). The asymmetry finally reads
In the c.m. frame, this simplifies to
with S µ = (0, 1, 0, 0) l 1µ = E e (1, sin θ sin φ, sin θ cos φ, cos θ)
in the dilepton c.m. system and with the dilepton mass M. To take into account different quark flavours one has to sum the numerator and denominator multiplied with the different antiquark densityq(y) and weighted with e 2 q . To illustrate the content of (15) we calculated A as a function of θ. We used the HERA energy of 820 GeV (fixed target) and chose different values for the momentum fraction of the scattered quark from the polarized proton, namely x = 0.012, x = 0.1 and x = 0.5 with a fixed dileptonmass of M 2 = 10GeV 2 . We also chose φ = 0, where the asymmetry is largest. In practical experiments one may define the integrated asymmetry by averaging over the angles with the weight sign(θ cos φ) (otherwise, the angle integration will give zero result). The result for x = 0.5 is shown in figure 4 . For a value of x = 0.012 one yields a value of 0.015% for the asymmetry and for x = 0.1 the asymmetry reaches 0.2%, showing the increase with the growth of the momentum fraction. The observable growth of the asymmetry at large x due to the contribution Fig. 3 . Typical twist-2 (upper row) and twist-3 (lower row) diagrams for the case of high p T dilepton production. The outgoing photon can produce a dilepton pair. This process can be distinguished from the one treated here by the additional jet coming from the fragmenting quark.
of dT /dx was first discussed in [7] for the photon case. In principle, the case treated here can be separated in the experiment from high transverse momentum dilepton production in the Qiu and Sterman approach (generalized, for the fermionic poles contribution, to the case of finite dilepton masses as well [9] ) since in our case one has only the dilepton and the two remaining hadrons. In the case of Qiu/Sterman and Efremov/Teryaev one has an additional jet coming from the fragmentation of an outgoing quark balancing the photon/dilepton momentum (see figure 3) . Also, because for high p T dileptons there are 2 → 2 subprocesses, the asymmetry is non-zero, when the averaging over lepton angles is performed, contrary to our case. Nevertheless, it is not clear whether the resolution is high enough to really separate the two cases in a practical experiment. Fig. 4 . Asymmetry for the process P + P (↑) → l l + X with the momentum fraction chosen as x = 0.5 at the HERA energy of 820 GeV, M 2 = 10GeV 2 .
